Continuous activation of pituitary adenylate cyclase-activating polypeptide receptors elicits antipodal effects on cyclic AMP and inositol phospholipid signaling pathways in CATH.a cells: role of protein synthesis and protein kinases.
Continuous exposure of cells to agonists develops a process that determines the extent to which the cells eventually respond to further stimuli. Here we used CATH.a cells (a catecholaminergic neuron-like cell line), which express pituitary adenylate cyclase-activating polypeptide (PACAP) receptors linked to both adenylyl cyclase and phospholipase C-beta pathways, to investigate the influence of prolonged hormonal treatment on dual signaling and gene transcription. Prolonged incubation of cells with PACAP failed to down-regulate the density and affinity of membrane binding sites and caused opposite changes in messenger systems: PACAP-stimulated cyclic AMP accumulation was attenuated in a time- and dose-dependent fashion (t(1/2) = 6.7 h and IC50 = 0.1 nM), whereas phosphoinositide turnover was overstimulated. Both effects were insensitive to pertussis toxin, whereas the drop in cyclic AMP concentration was also unchanged in the presence of 3-isobutyl-1-methylxanthine, indicating that neither Gi-like proteins nor cyclic nucleotide phosphodiesterases play a critical role in these processes. Blockade of protein synthesis with cycloheximide, as well as inhibition by H89 of cyclic AMP-dependent protein kinase (but not by bisindolylmaleimide of protein kinase C) antagonized the influences exerted by PACAP on adenylyl cyclase activity and inositol phosphate formation. Transcription of the chimeric GAL4-CREB construct, transiently transfected into CATH.a cells, was stimulated by PACAP, and this effect was potentiated as a result of chronic PACAP treatment. The results of the present investigation provide new insight into the possible differential regulation and cross-talks of transduction signals of receptors linked to multiplex signaling. They demonstrate that prolonged exposure of CATH.a cells to PACAP results in the desensitization of the cyclic AMP pathway and superinduction of the inositol phosphate signal, through protein neosynthesis and cyclic AMP-dependent protein kinase activation. At the same time, they show that desensitization of cyclic AMP signaling not only fails to hamper, but actually amplifies PACAP-stimulated CREB-regulated transcription.